e 1Y

N . ... A
esign Training"

Why are you interested in
learning about Wind
Loads During
Construction?
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What Will You Learn?

* Code History
* Current Requirements

* Research and Development of Pressure
Coefficient

* Differences for Florida Design from AASHTO
LRFD Bridge Design Specifications

* How to Apply FDOT Requirements

FDOQT Structures 2015

New Pressure

DeSign Guidelines (Eoefficients

2009
ASCE 7-05

2007
Use AASHTO
()

2000

50% of Final Load

Load Factor \!

Strength III: 1.40
S yice . 1.0

Sfrength 1I: 1.25 |
ServiceI: 1.0
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Construction Active: Construction Inactive:

20 MPH Wind Speed Basic Wind Speed (110 - 150 MPH) With
o P | Spaw Reduction Factor

i

FDOT Design Wind Pressure Velocity Pressure Exposure
Equation Coefficient
— -6 2 :
PZ = 2.56x10 KZV GCP KZ — 201(Z/900) 2105 > 0.85

= T
E—
oo

Basic Wind Speed (V) ) Gust Effect Factor (G)

couny @t | W9 | coomy i | W0

* G = (.85 for ground mounted noise walls,
perimeter walls and bridges with:
 spans < 250 feet, and
* height < 75 feet

* Otherwise evaluate according to ASCE/SEI 7-05
Section 6.5.8
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FDOT Wind Equation 2009 Pressure Coefficient

Py = 2.56x107°K,V2GCp)

Wind @]
= D
W

Conmm Ik
Comemon box girder range

0.0 02 04 06 08 L0 12 14 16 L8 20 22 24 26 2§ 30
Width-to-depth ratio (W/D)

Research Objectives Wind Tunnel Test

* Determine applicable pressure coefficients to use
for:

« Girder Design
¢ Cross-Frame Design
« Substructure Reaction

Tested Cross-Sections Tested Configurations
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Source: Consolazio, G.R., Gurley, K.R., and Harper, Z.5. (2013) Bridge Girder Drag Coefficients and Wind-Related Bracing Recommendations Source: Consolazio, G.R., Gurley, K.R., and Harper, .. (2013) Bridge Girder Drag Coefficients and Wind-Related Bracing Recommendations
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Tested Wind Angle Results for Florida I Beams
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Source: Consolazio, G.R., Gurley, K.R., and Harper, Z.5. (2013) Bridge Girder Drag Coefficients and Wind-Related Bracing Recommendations Source: Consolazio, G.R., Gurley, KR, and Harper, Z.5. (2013) Bridge Girder Drag Coefficients and Wind-Related Bracing Recommendations

Negative Pressures Proposed Pressure Coefficient

Cp3=0.5Cp; Cpn=0.5Cp,;

¢

-
1 A—
< Gl G G3 G4 G5 G6 Gn
| Cp2=0
é
=
i —1—
=
- Gl G2 G3 G4 G35 G6 Gn
# 7’7> Figure 5.16 Proposed wind load shielding model for stability evaluation
Source: Consolazio, G.R., Gurley, K.R., and Harper, Z.5. (2013) Bridge Girder Drag Coefficients and Wind-Related Bracing Recommendations Source: Consolazio, G.R., Gurley, K.R., and Harper, Z.S. (2013) Bridge Girder Drag Coefficients and Wind-Related Bracing Recommendations
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Revising the Pressure
Coefficient

AH1
" :I: I cp =11
Cp =05 p=1
. Cp = -.1

Wind Application

cp=0

tp=18

YCpxH

Global Cp = (H + AH)

Source: Consolazio, G.R., Gurley, KR, and Harper, Z5. (2013) Bridge Girder Drag Coefficients and Wind-Related Bracing Recommendations
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Wind Application S/D Evaluation

3rd Girder Cd vs. S/D

X WF-10t-2%

- - L] © WR14ft2%
WF-10ft-8%
WF-141t-8%
A
4 NF10ft2%

NF-14ft2%

. WF-14ft-8%10Gdrs

Projected Height

e * FIB78-13t-2%
FIB78-13ft2%

4 FIBAS-10-2%

FIBA5-13112%
-  FIB45-1311-2%-10Gdrs
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Shielding Per S/D Ratio Final Pressure Coefficient

\ Pressure Coefficient (Cy)
Component Type sD<3 SD>3
Girders 1-5 Girder 6+ | Girder 1 | Girder 2 | Girder 3+
I-Shaped Steel
/ o |Girder 22 11 | 25 | 0 11
————————- £ [I-Shaped Concrete
£ | Girder 20 10 20 0 10
£ [U-Shaped Girder | 22
————————- £ ' Flat Siab or
B | segmental Box 15
Girder
Substructure 16
Where:
+ S = Girder Spacing (ft)
> D = Girder Depth () Sources: 2015 FDOT Structures Manual
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Pressure Coefficient for Bracing FDOT Wind Equation

Cps =248 Cpes 0.40 Cps = 2.88
- Py == 2.56x107°K,V2GC
o—
L] Z . Z P
@
—
a
b
Component Type Pressure Coefficient (Cy)

TShaped Steel Girder i 29

I-Shaped Concrete Girder 26

U-Shaped Girder 3.3

Innovative Solutions for tomorrow’s transportation needs
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Design Example 1: Steel Girder
Bridge

You are designing a bridge carrying I-10 over the
Apalachicola River between Jackson and Gadsden
Counties. The bridge consists of three spans with
lengths of 170°-210’-170’. The superstructure is a steel
I-girder with 7.5’ girder depth. There are 5 girders at 9’
spacing with a 2% cross-slope. Cross-frames are
spaced at 25 feet. The bottom of the girders is 40 feet
above the ground and normal water elevation.
Assume construction will take 2 years and after the
Contractor starts girder erection, there will be 6 weeks
before the deck is poured.

Velocity Pressure Exposure
Coefficient

LILILI

75 ft  2%(5—1)(9 ft)
2z 2

0.2105

z=40 ft+ =441 ft

0.2105
K, =2.01(%/90)

Innovative for tomorrow’s trans,

Gust Effect Factor

* Since span is less than 250 ft and height is less
than 75 feet, G = 0.85 per SDG section 2.4.1.E

= 2.01(**/500) = 1.065

What is the Gust Effect
Factor for this Example
Bridge?

Guidebook Poll

Pressure Coefficient

* The spacing to depth ratio is:

SIp="""15 fe=12<3

* Since the spacing to depth ratio is less than 3,
Cp = 2.2, applied to the projected height of
the girders

Innovative Solutions for tomorrow’s transportation needs
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Projected Height

Projected Height = 7.5 ft + 2%(5 — 1)(9 ft) = 8.2 ft

072

T T TT11
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Construction Active Wind Load

* Per SDG Table 2.4.3-1, V = 20 MPH for
Construction Active

P, := 2.56x107K,V2GCp

= 2.56x1076(1.065)(207)(0.85)(2.2)
= 0.002 ksf

w = (0.002 ksf)(8.2 ft) = 0.02 kif

What is the Construction
Inactive Wind Speed for
this Example Bridge?

Guidebook Poll

Construction Inactive Wind
Speed

* Per SDG Table 2.4.1-2, the basic wind speed for
Jackson and Gadsden counties is 110 MPH.

* Per SDG section 2.4.3.C, since the exposure
period is less than 1 year, Rg = 0.6.

V = (Basic Wind Speed)R; = (110 MPH)(0.6)
= 66 MPH

Construction Inactive Wind
Load

PZ = 2.56x10_6K2VZGCP
= 2.56x1075(1.065)(66°)(0.85)(2.2)
= 0.022 ksf

w = (0.022 ksf)(8.2 ft) = 0.18 kIf

Substructure Reaction

+ Use the previously calculated construction
inactive wind load, w = 0.18 kiIf

End Bent Reaction:

p = 18kf) (1707Y,) = 15 kips
Intermediate Bent Reaction:
P = (0akap) (7OFEH 21000 )) = 34 kips
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. Positive Moment 0.06941? 0.067wi%
Flange Lateral Bending Stress at 170 ft span 7
L0.1287w1?

 Construction inactive wind load = 0.18 kiIf 170 210
Moment For Each Girder:

M = 0.069 x 0.036 kIf x (170 ft)? = 72 kip - ft

* Load per girder:

w = 0.18 klf /5 Girders = 0.036 klf
Windward Girder Between Cross-Frames:

M, = O-1BKIf X (25 ft)z/1

o=11kip-ft
Total: 83 kip-ft

Flange Lateral Bending Stress Strength IIT Load Combination
= - al L= 7/8 12163 488 XS/ 8)° s i ZX 16° * The flange stress due to factored steel dead load
! ' W =727int is 5.2 ksi. The nominal flexural resistance of the
~| I = flange (F,.) is 36.7 ksi.
. T ss =9t OF,. = 1.0 X 36.7 ksi = 36.7 ksi
125 x M ) 1 o1 , .
fo=—5— = 137ksi Fou +§ﬁ = 5.2 ksi +§13.7 ksi = 9.8 ksi

Design Example 2 — Concrete

Strength III Load Combination

Girder Bridge
. . You are designing a bridge carrying SR 856 over
@F, = 1.0 X 50 ksi = 50 ksi the Intracoastal in Miami-Dade County. The
bridge consists of three simple spans with lengths
fou+ f, = 5.2 ksi + 13.7 ksi = 18.9 ksi of 98 feet. The superstructure consists of (5) FIB

45 beams at 12’ spacing with a 2% cross-slope.
Bracing will be provided only at the ends of each
beam. The bottom of the girders is 30 feet above
the ground and normal water elevation. Assume 1
month between when the beams are set and the
deck is poured.
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Velocity Pressure Exposure

4 Gust Effect Factor
Coefficient
i « Since span is less than 250 ft and height is less
[ 8 C PiS 'EF PS pS than 75 feet, G = 0.85 per SDG section 2.4.1.E

3.75 ft +2%(5 - D(12 ft)

z=30ft+ >

32 ft

0.2105 0.2105
\ Kz = 2.01(%/900) = 2.01(3%/4¢) =10

Pressure Coefficient Wind Application

* The spacing to depth ratio is:

S/, = 12ft/3l75ft= 3.2 =3¢ T EX EX =)0

* So, Cp = 2.0 applied to the area of the first
girder, 0 for the second girder and Cp = 1.0
for girders 3-5. The wind is applied to each
girder height.

Construction Active Wind Load

For Girder 1:

: : P, = 2.56x107°K,V2GCp = 2.56x1075(1.0)(20%)(0.85)(2.0)
What is the Construction Koy )
Active Wind Speed for For Girder 2:
this Example Bridge? fm
) For Girders 3-5:
Guidehook Foll P, = 2.56x107°K,V2GCp = 2.56x1076(1.0)(20%)(0.85)(1.0)
= 0.00Lksf

1| &= %ha‘;
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Construction Active Wind Load

For Girder 1:
w = (0.002 ksf)(3.75 ft) = 0.008 kif

For Girder 2:
w=0kIf

For Girder 3:
w = (0.001 ksf)(3.75 ft) = 0.004 kIf

Substructure Reaction

* Construction Inactive Wind Load:
* w =0.15 kIf for girder 1
* w = 0 kIf for girder 2
* w = 0.08 klIf for girders 3-5

End Bent Reaction:

P = 15 kif) (*S1/,) + 3008 ki) (B 1/,)
=19 kips
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Design Example 3 — Concrete
Girder Bridge

Use the same location information as for example
2. The bridge consists of three simple spans with
lengths of 150 feet. The superstructure consists of
(7) FIB 72 beams at 10’ spacing with a 2% cross-
slope. Bracing will be provided at the ends and
mid-span of each beam. The bottom of the girders
is 30 feet above the ground and normal water
elevation. Assume 1 month between when the
beams are set and the deck is poured.

Wind Variables

* Velocity Pressure Exposure Coefficient, Kz = 1.0
* Gust Effect Factor, G = 0.85
* Construction Active Wind Speed, V = 20 MPH

* Basic Wind Speed for Miami-Dade County,
V =150 MPH

* Reduction Factor, R = 0.6,
* Construction Inactive Wind Speed, V = 90 MPH

Pressure Coefficient

* The spacing to depth ratio is:

s; — 10ft -
/p= /6ft_ 1.67<3

How Should the Wind
Load Be Applied for
this Example?

Guidebook Poll
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Wind Application Wind Load on Cross Frames

Pressure Line Load Pressure Line Load

== = = = ” = = = Girders 1-5 0.04 ksf 0.29 kIf 0.002 ksf 0.014 kif
E | J A \ = J\ Girders 6 and 7 | 0.02 ksf 0.12 kIf 0.001 ksf 0.006 kIf
=S s an s s =S

‘Wind Load Applied to Cross Frames: End Bent Reaction:

w = (0.04 ksf)(26/, 0)(6 ft) = 0.31 kif = (029 kif) (150 ft/z)

150 ft
Tributary Length = (150 ft)/z =75ft + @12 klf)( /2)
= 40 kips

P = (031 klf)(75 ft) = 23 kips

= A
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Questions?

Christina Freeman, P.E. - Structures Design Office
Christina.Freeman@dot.state.fl.us  850-414-4190

For more Information:

http://www.dot.state.fl.us/structures/structuresresearchce
nter/Final%20Reports/2013/BDK75-977-33 rpt.pdf

Innovative Solutions for tomorrow’s transportation needs
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